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Introduction 
Nitrous oxide (N2O) is a potent greenhouse gas, and its emissions from agricultural systems are 
strongly influenced by nitrogen (N) fertilization (Rochette et al., 2008). Moreover, there is 
evidence to suggest that fertilizer history may influence the capacity of the soil to produce N2O. 
Indeed, the long-term application of manures and chemical fertilizers may induce changes to the 
abundance and genetic make-up of the soil microbial communities, which in turn can influence 
the production/consumption of N2O in the soil.  
The Dixon long-term manure plots were established in 1996 to investigate the agronomic and 
environmental benefits of manure application (Mooleki et al. 2002; 2004). During the early years 
(1997–2000), measurements of denitrification potential and nitrous oxide (N2O) emissions lent 
support to the argument that the then-current IPCC emission factor (1.25%) did not accurately 
reflect N2O losses from applied-N in Saskatchewan (where N2O-N losses typically range 
between 0.2 and 0.8%), but did not address the issue of how long-term applications affect 
emission intensity. That is, do long-term manure applications “prime” the soil for increased N2O 
production/emission?  A subsequent study (conducted between 2009 and 2011) concluded that 
“long-term applications of manure-N can, at high application rates or following frequent manure 
applications, produce a ‘priming’ effect which may exacerbate N2O emissions if a more available 
form of N (e.g., urea fertilizer) is applied to the soil”. These results have implications for the 
Nitrous Oxide Emission Reduction Protocol (NERP) aimed at reducing on-farm emissions of 
nitrous oxide and for 4R Nutrient Stewardship (Right Source @ Right Rate, Right Time, Right 
Place®). 
The main objective of the present study is to assess the occurrence and duration of ‘priming 
effects’ on microbial communities for N2O emissions in an agricultural field in Saskatchewan. 
Materials and Methods: 
Site Description 
The research site is located in Dixon SK (off Highway 5 near Humboldt SK). The Dixon site has 
been used as a long-term research site with soils receiving fall applications of liquid swine 
manure (LSM), solid cattle manure (SCM), or urea from 1996 through 2010. The historical 
fertilizer treatments included manure and urea fertilizer applications at 1×, 2×, and 4× 
application rates, applied every year or every third year. The 1× application rate supplied 
approximately 100 kg total N ha-1 (Stumborg et al., 2007). After the decommissioning of the 
long-term manure applications in 2010 a single yearly application of fertilizer (urea) was applied 
as a blanket treatment over all plots beginning in the spring of 2011. The site was cropped to 
barley in 2011 and canola in 2012.  
Sampling Procedures 
Gas sampling in the field was carried out using vented, non-steady state chambers (Corre et al., 
1996; Farrell et al., 1999). The chambers were set into the plots and monitored from snowmelt 
through freeze-up. All gas samples were returned to the GHG analysis lab in the Department of 
Soil Science and N2O concentrations determined using a Varian CP-3800 gas chromatograph 
equipped with a 63Ni electron capture detector (ECD) and a Combi-Pal autosampler (CTC 
Analytics AG, Switzerland). Greenhouse gas fluxes were determined by fitting a linear or 
quadratic least-squares regression model to the gas concentration vs. time data (Yates et al. 2006) 
and then calculating the flux (FGHG) as described by Rochette and Bertrand (2008). 
Priming effects were assessed using a modified version of the denitrification enzyme activity 
(DEA) assay (Groffman et al., 1999). Soil samples were collected once each in May, July and 
September 2012, with the DEA assays conducted within 48-hours of sample collection. 
Results and Discussion 
The N2O emission patterns observed in 2011 (Fig. 1) and 2012 (Fig. 2) were visually different. 
Indeed, N2O emissions in 2012 were greater than those in 2011—reflecting the wetter conditions 
that prevailed during the 2012 season. Analysis of the N2O data also indicated that emissions 
from the plots that had received long-term manure applications continued to produce greater N2O 
emissions than either the unfertilized control plots or the plots that received yearly urea 
applications (data not shown).  
 
Figure 1. Preliminary results for the average N2O flux per day for the 2011 
growing season at the Dixon research site 
 
Figure 2. Preliminary results for the average N2O flux per day for the 2012 
growing season at the Dixon research site. 
Denitrification enzyme activities also were greatest in the plots with a history of LSM or SCM 
applications, especially early in the growing season (Fig. 3). However, at harvest, the differences 
between treatments were muted, though the plots with a history of LSM applications continued 
to have DEAs that were significantly greater than those in the SCM, urea and control plots.  
 
Figure 3. The 2012 DEA preliminary results for the May, July and September 
analyses broken up by historical long-term fertilizer amendment averaged across all 
application rates. Ctrl=no history of fertilizer application; LSM=Liquid swine 
manure; SCM=Solid cattle manure; Urea=Urea 
Conclusions 
The evidence to date, indicates that there is indeed a ‘priming’ effect associated with the long-
term history of manure applications, especially with the long-term application of LSM. The 
magnitude of this effect appears to vary depending on soil conditions (e.g., it is greater under wet 
conditions than under dry conditions). Moreover, this effect does not appear to be transitory; i.e., 
it can last for at least two years after manure applications cease.  
References 
Corre, M.D., C. van Kessel, & D.J. Pennock. 1996. Landscape and seasonal patterns of nitrous 
oxide emissions in a semiarid region. Soil Sci. Soc. Am. J. 60:1806-1815. 
Dunfield, K. E. 2008. Lipid-Based Community Analysis. Pages 557-566. Chapter 42 in Carter, 
M. R., and Gregorich, E. G. (eds.), Soil Sampling Methods of Analysis Second Edition. CRC 
Press Taylor and Francis Group, Boca Raton, FL. 
Farrell R.E., J.J. Schoneau & J.D. Knight. 1999. Nitrous oxide production from soils amended 
with fall-applied hog manure. Pp. 227–237. In Proceedings of a Tri-Provincial Conference on 
Manure Management, Saskatoon, SK. 
Groffman, P. M., E. A. Holland, D. D. Myrold, G. P. Robertson, X. Zou. 1999. Denitrification. 
Pp. 272–288. In Robertson, G. P., D. C. Coleman, C. S. Bledsoe, and P. Sollins (eds.), 
Standard Soil Methods for Long-Term Ecological Research. Oxford University Press Inc., 
New York, NY. 
Mooleki, S.P., J.J. Schoenau, G. Hultgreen, G. Wen and J.L. Charles. 2002. Effect of rate, 
frequency and method of liquid swine manure application on soil nitrogen availability, crop 
performance and N use efficiency in east-central Saskatchewan. Can. J. soil Sci. 82: 457–
467.  
Mooleki, S.P., J.J. Schoenau, J.L. Charles and G. Wen. 2004. Effect of rate, frequency and 
incorporation of feedlot cattle manure application on soil nitrogen availability, crop 
performance and nitrogen use efficiency in east-central Saskatchewan. Can. J. soil Sci. 84: 
199–210.  
Rochette, P., and N. Bertrand. 2008. Soil-Surface Gas Emissions. Pp. 851–861. In Carter M. R., 
and E. G. Gregorich (eds.), Soil Sampling Methods of Analysis Second Edition. CRC Press 
Taylor and Francis Group, Boca Raton, FL. 
Rochette, P., Worth, D. E., Lemke, R. L., McConkey, B. G., Pennock, D. J., Wagner-Riddle, C., 
and Desjardins, R. L. 2008. Estimation of N2O emissions from agricultural soils in Canada. I. 
Development of a country-specific methodology. Can. J. Soil. Sci. 88: 641–654. 
Stumborg, C., J. J. Schoenau, and S. S. Malhi. 2007. Nitrogen balance and accumulation pattern 
in three contrasting prairie soils receiving repeated applications of liquid swine and solid 
cattle manure. Nutr. Cycl. Agroecosyst. 78: 15–25. 
Yates, T.T., B.C. Si, R.E. Farrell & D. Pennock. 2006. Probability distribution and spatial 
dependence of nitrous oxide emission: Temporal change in a hummocky terrain. Soil Sci. 
Soc. Am. J. 70:753–762.  
Acknowledgments 
Financial and technical support were provided by the Saskatchewan Ministry of Agriculture, 
through the Agriculture and Development Fund and the Strategic Research Program–Soil 
Biological Processes and the Prairie Agricultural Machinery Institute (PAMI; Humboldt, SK). 
Additional financial support was provided by the Canadian Fertilizer Institute.  
 
 
